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SUBSTRATE 

BACKGROUND OF THE INVENTION 

Field of the Invention 

[0001] The present invention relates to a method and apparatus for dispensing a 
rinse solution on a substrate, and, more particularly, to a method and apparatus for 
dispensing a rinse solution on a substrate to effectively remove resist defects while 
preventing chemical damage to the substrate. 

Description of the Related Art 

[0002] In material processing methodologies, pattern etching includes the application 
of a thin layer of light-sensitive material, such as photoresist, to an upper surface of a 
substrate that is subsequently patterned in order to provide a mask for transferring 
this pattern to the substrate during etching. The patterning of the light-sensitive 
material generally involves coating an upper surface of the substrate with a thin film 
of light-sensitive material, exposing the thin film of light-sensitive material to a 
radiation source through a reticle (and associated optics) using, for example, a 
micro-lithography system, followed by a developing process during which the 
removal of the irradiated regions of the light-sensitive material occurs (as in the case 
of positive photoresist), or the removal of non-irradiated regions occurs (as in the 
case of negative resist) using a developing solvent. 

[0003] As is known to those skilled in the art of semiconductor manufacturing, the 
formation of the patterned mask can incur a number of defects including substrate 
defects, defects in the light-sensitive material, and defects in any one of the many 
process steps leading to the formation of the patterned film. For example rinsing and 
drying procedures used for the manufacture of semiconductor devices and the 
problems of particle retention and defect generation are described in U.S. Pat. No, 
5,938,857, the entire content of which is Incorporated herein by reference. Further, 
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pending US application no. US 2003/0044731, the entire content of which is 
incorporated herein by reference, also describes the problem of resist defects. 
[0004] The defects incurred in forming the pattern mask are often manifest as 
residual contamination retained in the patterned mask and/or substrate. Therefore, 
subsequent to the overall process for forming a patterned mask, a cleaning step is 
required, wherein a rinse solution is dispensed upon the substrate in order to remove 
resist defects. The present inventors have discovered, however, that conventional 
rinse systems and methods either provide insufficient removal of rinse defects or 
cause substrate damage. 

SUMMARY OF THE INVENTION 
10005] One object of the present invention is to provide a method and apparatus for 
rinsing a substrate (e.g. a semiconductor wafer) which overcomes or reduces 
problems of conventional rinsing systems. 

[0006] Another object of the present invention is to provide a method and apparatus 
for rinsing a substrate, which provides sufficient removal of resist defects, while 
minimizing formation of substrate defects. 

[0007] Accordingly, in one aspect of the present invention, a rinse solution nozzle 
assembly for dispensing a rinse solution on a substrate includes a first nozzle array 
including at least one nozzle and configured to dispense the rinse solution 
substantially near a center of the substrate, a first control valve having a first outlet 
end coupled to the first nozzle array and configured to actuate a first flow rate of the 
rinse solution through the first nozzle array, a second nozzle array including a 
plurality of nozzles and configured to dispense the rinse solution across a radial span 
of the substrate, a second control valve having a second outlet end coupled to the 
second nozzle array and configured to actuate a second flow rate of the rinse 
solution through the second nozzle array, and a controller coupled to the first control 
valve and the second control valve and configured to control the first flow rate 
through the first nozzle array and control the second flow rate through the second 
nozzle array. 

[0008] In another aspect of the present invention, a cleaning system for providing a 
rinse solution on a substrate includes a cleaning chamber, a substrate holder 
coupled to the cleaning chamber and configured to support the substrate, a drive unit 
coupled to the substrate holder and configured to rotate the substrate holder, a rinse 
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solution nozzle assembly coupled to the cleaning chamber and configured to 
dispense the rinse solution in the cleaning chamber. The rinse solution nozzle 
assembly includes a first nozzle array including at least one nozzle and configured to 
dispense the rinse solution substantially near a center of the substrate, a first control 
valve having a first outlet end coupled to the first nozzle array and configured to 
actuate a first flow rate of the rinse solution through the first nozzle array, a second 
nozzle array including a plurality of nozzles and configured to dispense the rinse 
solution across a radial span of the substrate, a second control valve having a 
second outlet end coupled to the second nozzle array and configured to actuate a 
second flow rate of the rinse solution through the second nozzle array, and a 
controller coupled to the first control valve and the second control valve of the rinse 
solution nozzle assembly, and configured to control the first flow rate through the first 
nozzle array and control the second flow rate through the second nozzle array. 
[0009] In another aspect of the present invention, a method for dispensing a rinse 
solution on a substrate includes rotating the substrate, dispensing the rinse solution 
from a first nozzle array on the substrate for a first period of time, following the first 
period of time dispensing the rinse solution from the first nozzle array and a second 
nozzle array on the substrate for a second period of time, terminating the dispensing 
of the rinse solution from the first nozzle array and the second nozzle array on the 
substrate, and terminating the rotating of the substrate. The method dispenses from 
the first nozzle array the rinse solution substantially near a center of the substrate, 
and dispenses from the second nozzle array the rinse solution across a radial span 
of the substrate. 



BRIEF DESCRIPTION OF THE DRAWINGS 
[0010] A more complete appreciation of the present invention and many attendant 
advantages thereof will be readily obtained as the same becomes better understood 
by reference to the following detailed description when considered in connection with 
the accompanying drawings, wherein: 

[0011] FIG. 1 is a schematic view of a resist solution coating-developing system of 
the present invention including a film forming apparatus; 
[0012] FIG. 2 is an illustration of a conventional method and apparatus for 
dispensing a rinse solution on a substrate; 
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[0013] FIG. 3 is an illustration of another conventional method and apparatus for 
dispensing a rinse solution on a substrate; 

[0014] FIG. 4 depicts an apparatus for dispensing a rinse solution on a substrate 
according to one embodiment of the present Invention; 

[00151 FIG. 5 depicts an apparatus for dispensing a rinse solution on a substrate 

according to another embodiment of the present invention; 

[0016] FIG. 6 depicts a method for dispensing a rinse solution on a substrate 

according to a further embodiment of the present invention; and 

[0017] FIG. 7 depicts a computer system for implementing various embodiments of 

the present invention. 

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS 
[0018] Embodiments of the present invention will be described In detail below with 
reference to the accompanying drawings. As an embodiment according to the 
present application, an apparatus for dispensing a rinse solution on a substrate 
utilized for a resist solution coating-developing system In semiconductor 
manufacturing will be described below. 

[0019] Referring now to the drawings, FIG. 1 is a schematic view showing a resist 
solution coating-developing system according to one embodiment of the apparatus 
for dispensing a rinse solution. As shown in FIG. 1, a resist solution coating- 
developing system 100 includes a cassette station 20 in which first cassettes 21a for 
storing unprocessed objects, e.g., substrates (or wafers W) and second cassettes 
21b for storing processed substrates (or wafers W) are arranged in respective 
predetermined positions. The cassette station 20 includes a substrate transfer 
forceps 22 for loading and unloading substrates between cassettes 21a and 21b and 
a transfer table 23, a coating processor 30 coupled to the cassette station 20 to form 
a resist film on the surface of the substrate, a development processor 50 coupled to 
the coating processor 30 with an interface unit 40 to develop the exposed substrate, 
and an exposure processor 70. The exposure processor Is coupled to a 
development processor 50 via an interface unit 60 to Irradiate ultraviolet light from a 
light source onto the coated substrate through a predetermined mask member M and 
expose the resist film to a predetermined circuit pattern. 

[0020] Linear transfer paths 81 A and 82B extend in central portions of the coating 
processor 30 and the development processor 50, respectively. Transfer 
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mechanisms 82 and 83 are movable along the transfer paths 81 A and 81 B, 
respectively. The transfer mechanisms 82 and 83 have substrate arms 84 and 85, 
respectively, which can move in X and Y directions in a horizontal plane and in a 
vertical direction (Z direction) and freely rotate {&). 

[0021] On one side along the side edge of the transfer path 81 A in the coating 
processor 30, a brush cleaning unit 31, an adhesion/cooling unit 32 which performs a 
hydrophobic treatment and in which an adhesion unit 32a and a cooling unit 32b are 
stacked, and a baking unit 33 as a first heating unit are arranged adjacent to each 
other along a line. On the other side of the transfer path 81 A, a jet water cleaning 
unit 34 and an arbitrary number of, for example, two resist coating apparatuses 35 
as film forming apparatuses are arranged adjacent to each other in a line. The resist 
coating apparatuses 35 can spin-coat substrates with two types of resist solutions: a 
regular resist solution and an antireflection resist solution. 

[0022] The baking unit 33 and the resist coating apparatuses 35 oppose each other 
on the two sides of the transfer path 81 A, Since the baking unit 33 and the resist 
coating apparatuses 35 thus oppose each other at a distance on the two sides of the 
transfer path 81 A, heat from the baking unit 33 is prevented from being conducted to 
the resist coating apparatuses 35. Consequently, when resist coating is performed 
the resist film can be protected from thermal influences. 

[0023] Although the apparatus for dispensing a rinse solution is described in the 
context of a jet water cleaning unit in a resist solution coating-developing system, the 
present invention is merely illustrated and not limited in any way in scope by this 
example. 

[0024] FIG. 2 illustrates a conventional cleaning system 200 including a cleaning 
chamber 210. a substrate holder 220 coupled to the cleaning chamber 210 and 
configured to support substrate 225, and a rinse solution nozzle assembly 230. 
Additionally, the cleaning system 200 includes a controller 250 coupled to the 
substrate holder 220 and the rinse solution nozzle assembly 230, and configured to 
exchange data, information, and control signals with the substrate holder 220 and 
the rinse solution nozzle assembly 230. 

[0025] The substrate holder 220 is configured to rotate (or spin) substrate 225 during 
dispensing of rinse solution on the upper surface of substrate 225 from the rinse 
solution nozzle assembly 230. A drive unit 222 coupled to the substrate holder 220 
is configured to rotate the substrate holder 220. The drive unit 222 can, for example, 
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permit setting the rotation rate, and the rate of acceleration of the substrate holder 
rotation. 

[0026] The rinse solution nozzle assembly 230 includes a single nozzle 232 
positioned substantially near the center of substrate 225, and above an upper 
surface thereof. The nozzle 232 is configured to dispense a rinse solution, such as 
de-ionized water, on an upper surface of substrate 225 in a direction substantially 
perpendicular to the upper surface of substrate 225. The nozzle 232 is coupled to 
an outlet end 236 of a control valve 234. An inlet end 238 of control valve 234 is 
coupled to a rinse solution supply system 240. The control valve 234 can be 
configured to regulate dispensing the rinse solution on substrate 225. When open, 
the rinse solution is dispensed upon the substrate 225. When closed, the rinse 
solution is not dispensed upon the substrate 225. The rinse solution supply system 
240 can include at least one of a fluid supply valve 242. a filter 244, and a flow 
measurement/control device 246. 

[0027] A typical rinse process includes three steps including a first step of 
accelerating the rotation of substrate 225 to a first pre-specified rotation rate and 
maintaining the rate of rotation for a first period of time. The first step occurs while 
dispensing rinse solution atop the upper surface of substrate 225. A second step 
includes further accelerating the rotation of substrate 225 to a second pre-specified 
rotation rate and maintaining the rate of rotation for a second period of time, while 
terminating the dispensing of rinse solution on substrate 225. A third step includes 
decelerating the rotation of substrate 225 to rest. Table I present a typical rinse 
process for the rinse solution nozzle assembly 230 of FIG. 2 having the three steps 
discussed above. 

[0028] The present inventors have recognized that a shortcoming of the rinse 
solution nozzle assembly of Figure 2 and the process for dispensing rinse solution is 
that the center of substrate 225 is the only location where the substrate surface is 
subject to hydraulic pressure due to the impingement of the rinse solution jet from 
nozzle 232. Therefore, the rinse solution nozzle assembly and the process for its 
use are not sufHciently effective in the removal of resist defects across the entire 
substrate. 

TABLE I. 
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TIME 

(sec) 


SPEED (RPM) 


ACCELERATION 
(RPM/sec) 


DISPENSING SCHEME 


30 


1000 


10000 


center nozzle 232 ON 


15 


2000 


10000 


center nozzle 232 OFF 


1 


0 


3000 


center nozzle 232 OFF 



[0029] FIG. 3 depicts as another cleaning system 300 including a cleaning chamber 
310, a substrate holder 320 coupled to the cleaning chamber 310 and configured to 
support substrate 325, and a rinse solution nozzle assembly 330. Additionally, the 
cleaning system 300 includes a controller 350 coupled to the substrate holder 320, 
and the rinse solution nozzle assembly 330, and configured to exchange data, 
information, and control signals with the substrate holder 320 and the rinse solution 
nozzle assembly 330. 

10030] The substrate holder 320 is configured to rotate (or spin) substrate 325 during 
dispensing of rinse solution on the upper surface of substrate 325 from the rinse 
solution nozzle assembly 330. A drive unit 322 coupled to the substrate holder 320 
is configured to rotate the substrate holder 320. The drive unit 322 can, for example, 
permit setting the rotation rate, and the rate of acceleration of the substrate holder 
rotation. 

[0031] The rinse solution nozzle assembly 330 includes an array of nozzles 331 
having a first nozzle 332 positioned substantially near the center of substrate 325 
and above an upper surface thereof, and an array of sub-nozzles 333 positioned 
along a radial span of substrate 225 and above an upper surface thereof. The array 
of nozzles 331 is configured to dispense a rinse solution, such as de-ionized water, 
on an upper surface of substrate 325 In a direction substantially perpendicular to the 
upper surface of substrate 325. The array of nozzles 331 Is coupled to an outlet end 
336 of a control valve 334. An Inlet end 338 of control valve 334 is coupled to a 
rinse solution supply system 340. The control valve 334 can be configured to 
regulate dispensing the rinse solution on substrate 325. When open, rinse solution 
is dispensed upon the substrate 325. When closed, rinse solution is not dispensed 
upon the substrate 325. The rinse solution supply system 340 can include at least 
one of a fluid supply valve 342, a filter 344, and a flow measurement/control device 
346. 
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[00321 As with the single nozzle assembly, a typical rinse process of the system in 
Figure 3 includes three steps, including a first step of accelerating the rotation of 
substrate 325 to a first pre-specified rotation rate and maintaining the rate of rotation 
for a first period of time. The first step occurs while dispensing rinse solution atop 
the upper surface of substrate 325. A second step includes further accelerating the 
rotation of substrate 325 to a second pre-specified rotation rate and maintaining the 
rate of rotation for a second period of time, while terminating the dispensing of rinse 
solution on substrate 325. A third step includes decelerating the rotation of substrate 
325 to rest. Table II presents a typical rinse process for the rinse solution nozzle 
assembly 330 of FIG. 3 having the three steps discussed above. 



TABLE II. 



TIME 
(sec) 


SPEED (RPM) 


ACCELERATION 
(RPM/sec) 


DISPENSING SCHEME 


30 


1000 


10000 


nozzle array 331 ON 


15 


2000 


10000 


nozzle array 331 OFF 


1 


0 


3000 


nozzle array 331 OFF 



I0033J Although rinse solution nozzle assembly 330 (Fig. 3) and the process for its 
use (Table II) provide hydraulic pressure across the span of substrate 325 during 
substrate rotation, the present inventors have discovered that the chemical 
interaction of the rinse solution with the substrate surface can lead to adverse 
chemical reactions at the surface and, hence, surface damage across the substrate. 
For example, the rinse process typically follows a developing process which exposes 
the substrate surface to a developing solution. Following the developing process, 
the exposed substrate surface can retain residual developing solution. Developing 
solutions are generally high in alkalinity (high pH) relative to a neutral pH (i.e.. a pH 
of 7.0) of de-ionized water. Immediate exposure of the high alkalinity developing 
solution on the substrate surface to de-ionized water can result in adverse chemical 
reactions (i.e., pH shock), which causes substrate damage. 

10034] FIG. 4 depicts as one embodiment of the present invention a cleaning system 
400. The cleaning system 400 includes a cleaning chamber 410, a substrate holder 
420 coupled to the cleaning chamber 410 and configured to support substrate 425, 
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and a rinse solution nozzle assembly 430. Additionally, the cleaning system 400 
includes a controller 450 coupled to the substrate holder 420. and the rinse solution 
nozzle assembly 430, and configured to exchange data, information, and control 
signals with the substrate holder 420 and the rinse solution nozzle assembly 430. 
[00351 The substrate holder 420 is configured to rotate (or spin) substrate 425 during 
dispensing of rinse solution on the upper surface of substrate 425 from the rinse 
solution nozzle assembly 430. A drive unit 422 coupled to the substrate holder 420 
is configured to rotate the substrate holder 420. The drive unit 422 can, for example, 
permit setting the rotation rate, and the rate of acceleration of the substrate holder 
rotation. 

[0036] The rinse solution nozzle assembly 430 includes a first nozzle array 432 
configured to dispense the rinse solution substantially near a center of substrate 425. 
The first nozzle array 432 includes at least one nozzle coupled to a first outlet end 
436 of a first control valve 434 (only one nozzle shown in Fig. 4. Thus, the term 
"nozzle array" as used herein describes a single nozzle or a plurality of nozzles, 
which may be in a row or grouped in a cluster). The first control valve 434 Is 
configured to actuate a first flow rate of the rinse solution through the first nozzle 
array 432. The rinse solution nozzle assembly 430 further includes a second nozzle 
array 442 configured to dispense the rinse solution across a radial span of substrate 
425. The second nozzle array 442 includes a plurality of nozzles coupled to an 
outlet end 446 of a second control valve 444. The second control valve 444 is 
configured to actuate a second flow rate of the rinse solution through the second 
nozzle array 442. Moreover, the controller 450 is coupled to the first control valve 
434 and the control second valve 444, and configured to control the first flow rate 
through the first nozzle array 432 and control the second flow rate through the 
second nozzle array 442. 

[0037] The at least one nozzle of the first nozzle array 432 can be oriented to inject a 
rinse solution in a direction perpendicular to substrate 425. Alternatively, the at least 
one nozzle can be oriented to inject rinse solution in a direction that is not 
perpendicular to the substrate surface. For example, the angular direction can be at 
an acute angle off a perpendicular incidence. At least one of the plurality of nozzles, 
of the second nozzle array 442 can be oriented to inject rinse solution in a direction 
perpendicular to substrate 425. Alternatively, at least one of the plurality of nozzles 
can be oriented to inject rinse solution in a direction that is not perpendicular to the 
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substrate surface. For example, the angular direction can be at an acute angle off a 
perpendicular incidence. 

[0038] An inlet end 438 of first control valve 434 Is coupled to a rinse solution supply 
system 460 via fluid supply line 439. The first control valve 434 can be configured to 
regulate dispensing the rinse solution from the first nozzle array 432 on substrate 
425. For example, when open, rinse solution is dispensed from the first nozzle array 
432 upon substrate 425. When closed, a rinse solution is not dispensed upon the 
substrate 425. An Inlet end 448 of second control valve 444 is coupled to rinse 
solution supply system 460 via fluid supply line 449. The second control valve 444 
can be configured to regulate dispensing the rinse solution from the second nozzle 
array 442 on substrate 425. For example, when open, a rinse solution is dispensed 
from the second nozzle array 442 upon substrate 425. When closed, a rinse solution 
is not dispensed upon the substrate 425. The rinse solution supply system 460 can 
include at least one of a fluid supply valve 462, a filter 464, and a flow 
measurement/control device 466. In an alternate embodiment, at least one of fluid 
supply line 439 and fluid supply line 449 includes a secondary mass flow 
measurement/control device in order to affect the partitioning of rinse solution flow 
rates to the first nozzle array 432 and the second nozzle array 442, respectively, 
from the rinse solution supply system 460. 

[0039] Controller 450 includes a microprocessor, memory, and a digital I/O port 
(potentially including D/A and/or A/D converters) capable of generating control 
voltages sufficient to communicate and activate inputs to the drive unit 422 of 
substrate holder 420, the rinse solution nozzle assembly 430 (e.g., first control valve 
434 and second control valve 444), and rinse solution supply system 460 as well as 
monitor outputs from these systems. A program stored in the memory is ufilized to 
interact with these systems according to a stored process recipe. One example of 
controller 450 is a DELL PRECISION WORKSTATION 530TM. available from Dell 
Corporation, Austin, Texas. The controller 450 may also be implemented as a 
general purpose computer such as the computer described with respect to FIG. 7. 
(0040] Controller 450 may be locally located relative to cleaning system 400, or it 
may be remotely located relative to the cleaning system 400 via an Internet or 
intranet. Thus, controller 450 can exchange data with cleaning system 400 using at 
least one of a direct connection, an intranet, and the internet. Controller 450 may be 
coupled to an intranet at a customer site (i.e., a device maker, etc.), or coupled to an 
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intranet at a vendor site (i.e., an equipment manufacturer). Furthermore, another 
computer (i.e., controller, server, etc.) can access controller 450 to exchange data 
via at least one of a direct connection, an intranet, and the internet. 
[00411 Thus, the system of Fig. 4 includes nozzle arrays 432 and 442 that are 
separately controllable by control valves 434 and 444 respectively. The present 
inventors discovered that such separate control allows a rinse process that 
effectively removes particles from the pattern mask and/or substrate, while 
minimizing substrate defects. Specifically, in a first step, a rinse solution is 
dispensed only from the first nozzle array 432, hence, permitting time to gradually 
neutralize the substrate surface conditions as rinse solution spreads radially outward 
on the substrate surface under the centrifugal forces imposed by the substrate 
rotation thereby reducing the pH shock that causes substrate defects. In the second 
step, rinse solution can be dispensed from both the first nozzle array 432 and the 
second nozzle an^ay 442 in order to provide a hydraulic force to the entirety of the 
substrate during substrate rotation and, therefore, effectively remove defects from 
the substrate surface. 

[0042] According to an embodiment of the present invention, a rinse process 
Implementing the rinse solution nozzle assembly 430 depicted in FIG. 4 can include 
four steps including a first step of accelerating the rotation of substrate 425 to a first 
pre-specified rotation rate and maintaining the rate of rotation for a first period of 
time. The first step occurs while dispensing rinse solution atop the upper surface of 
substrate 425 from the first nozzle array 432. A second step includes accelerating or 
decelerating the rotation of substrate 425 to a second pre-specified rotation rate and 
maintaining the rate of rotation for a second period of time. The second pre- 
specified rotation rate can be the same as the first pre-specified rotation rate and, 
therefore, no acceleration or deceleration is required. The second step occurs while 
dispensing rinse solution atop the upper surface of substrate 425 from the first 
nozzle array 432 and the second nozzle array 442. A third step includes further 
accelerating the rotation of substrate 425 to a third pre-specified rotation rate and 
maintaining the rate of rotation for a third period of time, while terminating the 
dispensing of rinse solution on substrate 425 from the first nozzle array 432 and the 
second nozzle array 442. A fourth step includes decelerating the rotation of 
substrate 425 to rest. Table III presents a rinse process for the rinse solution nozzle 
assembly 430 of FIG. 4 having the four steps discussed above. 
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[0043] In an alternate embodiment, FIG. 5 depicts a cleaning system 400' that 
includes many of the same elements as cleaning system 400 of FIG. 5, except that 
cleaning system 400' has a first rinse solution supply system 470 coupled to the first 
inlet end 438 of first control valve 434, and a second rinse solution supply system 
480 coupled to the second inlet end 448 of second control valve 444. The first rinse 
solution supply system 470 can include at least one of a fluid supply valve 472, a 
filter 474, and a flow measurement/control device 476. The second rinse solution 
supply system 480 can include at least one of a fluid supply valve 482, a filter 484, 
and a flow measurement/control device 486. Utilization of the first rinse solution 
supply system 470 and the second rinse solution supply system 480 enables 
independent control of the rinse solution flow rates delivered to the first array of 
nozzles 432 and the second array of nozzles 442, respectively in order to realize the 
benefits of the present invention. 



TABLE III. 



TIME 
(sec) 


SPEED (RPM) 


ACCELERATION 
(RPM/sec) 


DISPENSING SCHEME 


10 


1000 


10000 


first nozzle array 432 ON; 
second nozzle array 433 
OFF 


20 


1000 


10000 


first nozzle array 432 ON; 
second nozzle array 433 
ON 


15 


2000 


10000 


first nozzle array 432 OFF; 
second nozzle array 433 
OFF 


1 


0 


3000 


first nozzle array 432 OFF; 
second nozzle array 433 
OFF 



10044] Referring now to FIG. 6, a method of cleaning a substrate using a rinse 
solution nozzle assembly such as that shown in FIGs. 4 and 5 is depicted. FIG. 6 
shows a flow chart 500 beginning at the step 510 of rotating the substrate on a 
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substrate holder. The substrate rotation can have an acceleration phase such that 
the substrate rotation rate Is increased from rest to a first pre-specified rate of 
rotation. Once the first pre-specified rotation rate is achieved, the rotation rate can 
be maintained invariant or varied. 

[0045] At step 520, the rinse solution is dispensed from the first nozzle assembly 
onto the substrate for a first period of time. The dispensing of rinse solution from the 
first nozzle array can be initiated coincident with the rotation of the substrate. 
Alternately, the dispensing of rinse solution from the first nozzle array can be initiated 
after a delay in time. 

[0046] At step 530, the rinse solution is dispensed from the first nozzle array and the 
second nozzle array onto the substrate for a second period of time. At this point, the 
rate of rotation of the substrate can be maintained constant, or can be varied. For 
example, the rotation rate can be accelerated or decelerated (during an acceleration 
or deceleration phase) to a second pre-speclfled rate of rotation. 
[0047] At step 540, the flow of rinse solution from the first nozzle array and the 
second nozzle array is terminated. The rate of rotation of the substrate can be 
maintained constant, or can be varied. For example, the rotation rate can be 
accelerated or decelerated (during an acceleration or deceleration phase) to a third 
pre-specified rate of rotation. At step 550, the rotation of the substrate is terminated. 
During this time, the rate of rotation is decreased to rest during a fourth period of 
time. 

[0048] Thus, the method shown in Fig. 6 also provides gradual neutralization of any 
developer on the substrate in order to reduce substrate shock, followed by full 
hydraulic pressure across the radius of the substrate to provide sufficient cleaning. 
[0049] FIG. 7 illustrates a computer system 1201 for implementing various 
embodiments of the present Invention. The computer system 1201 may be used as 
the controller 450 to perform any or all of the functions of the controller described 
above. The computer system 1201 Includes a bus 1202 or other communication 
mechanism for communicating information, and a processor 1203 coupled with the 
bus 1202 for processing the information. The computer system 1201 also Includes a 
main memory 1204, such as a random access memory (RAM) or other dynamic 
storage device (e.g., dynamic RAM (DRAM), static RAM (SRAM), and synchronous 
DRAM (SDRAM)), coupled to the bus 1202 for storing information and instructions to 
be executed by processor 1203. In addition, the main memory 1204 may be used 



- 13- 



for storing temporary variables or other intermediate information during the execution 
of Instructions by the processor 1203. The computer system 1201 further includes a 
read only memory (ROM) 1205 or other static storage device (e.g., programmable 
ROM (PROM), erasable PROM (EPROM), and electrically erasable PROM 
(EEPROM)) coupled to the bus 1202 for storing static information and instaictions for 
the processor 1203. 

[0050] The computer system 1201 also includes a disk controller 1206 coupled to 
the bus 1202 to control one or more storage devices for storing information and 
instructions, such as a magnetic hard disk 1207, and a removable media drive 1208 
(e.g., floppy disk drive, read-only compact disc drive, read/write compact disc drive, 
compact disc jukebox, tape drive, and removable magneto-optical drive). The 
storage devices may be added to the computer system 1201 using an appropriate 
device interface (e.g., small computer system interface (SCSI), integrated device 
electronics (IDE), enhanced-IDE (E-IDE), direct memory access (DMA), or ultra- 
DMA). 

[0051] The computer system 1201 may also include special purpose logic devices 
(e.g., application specific integrated circuits (ASICs)) or configurable logic devices 
(e.g., simple programmable logic devices (SPLDs), complex programmable logic 
devices (CPLDs), and field programmable gate arrays (FPGAs)). 
[0052] The computer system 1201 may also include a display controller 1209 
coupled to the bus 1202 to control a display 1210, such as a cathode ray tube 
(CRT), for displaying information to a computer user. The computer system includes 
input devices, such as a keyboard 1211 and a pointing device 1212, for interacting 
with a computer user and providing information to the processor 1203. The pointing 
device 1212, for example, may be a mouse, a trackball, or a pointing stick for 
communicating direction information and command selections to the processor 1203 
and for controlling cursor movement on the display 1210. In addition, a printer may 
provide printed listings of data stored and/or generated by the computer system 
1201. 

[0053] The computer system 1201 performs a portion or all of the processing steps 
of the invention in response to the processor 1203 executing one or more sequences 
of one or more instructions contained in a memory, such as the main memory 1204. 
Such instructions may be read into the main memory 1204 from another computer 
readable medium, such as a hard disk 1207 or a removable media drive 1208. One 
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or more processors in a multi-processing arrangement may also be employed to 
execute the sequences of instructions contained in main memory 1204. In 
alternative embodiments, hard-wired circuitry may be used in place of or in 
combination with software instructions. Thus, embodiments are not limited to any 
specific combination of hardware circuitry and software. 

[0054] As stated above, the computer system 1201 includes at least one computer 
readable medium or memory for holding instructions programmed according to the 
teachings of the invention and for containing data structures, tables, records, or other 
data described herein. Examples of computer readable media are compact discs, 
hard disks, floppy disks, tape, magneto-optical disks, PROMs (EPROM, EEPROM, 
flash EPROM), DRAM, SRAM, SDRAM, or any other magnetic medium, compact 
discs (e.g.. CD-ROM), or any other optical medium, punch cards, paper tape, or 
other physical medium with patterns of holes, a carrier wave (described below), or 
any other medium from which a computer can read. 

[0055] Stored on any one or on a combination of computer readable media, the 
present invention includes software for controlling the computer system 1201, for 
driving a device or devices for implementing the invention, and for enabling the 
computer system 1201 to interact with a human user (e.g., print production 
personnel). Such software may include, but is not limited to, device drivers, 
operating systems, development tools, and applications software. Such computer 
readable media further includes the computer program product of the present 
invention for performing all or a portion (if processing is distributed) of the processing 
performed in implementing the invention. 

[0056] The computer code devices of the present invention may be any interpretable 
or executable code mechanism, including but not limited to scripts, interpretable 
programs, dynamic link libraries (DLLs), Java classes, and complete executable 
programs. Moreover, parts of the processing of the present invention may be 
distributed for better performance, reliability, and/or cost. 

[0057] The term "computer readable medium" as used herein refers to any medium 
that participates in providing instructions to the processor 1203 for execution. A 
computer readable medium may take many forms, including but not limited to, non- 
volatile media, volatile media, and transmission media. Non-volatile media includes, 
for example, optical, magnetic disks, and magneto-optical disks, such as the hard 
disk 1207 or the removable media drive 1208. Volatile media includes dynamic 
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memory, such as the main memory 1204. Transmission media includes coaxial 
cables, copper wire and fiber optics, including the wires that make up the bus 1202. 
Transmission media also may also take the form of acoustic or light waves, such as 
those generated during radio wave and infrared data communications. 
[0058] Various forms of computer readable media may be involved in carrying out 
one or more sequences of one or more instructions to processor 1203 for execution. 
For example, the instructions may initially be carried on a magnetic disk of a remote 
computer. The remote computer can load the instructions for implementing all or a 
portion of the present Invention remotely into a dynamic memory and send the 
Instructions over a telephone line using a modem. A modem local to the computer 
system 1201 may receive the data on the telephone line and use an Infrared 
transmitter to convert the data to an infrared signal. An infrared detector coupled to 
the bus 1202 can receive the data carried in the infrared signal and place the data on 
the bus 1202. The bus 1202 carries the data to the main memory 1204, from which 
the processor 1203 retrieves and executes the instructions. The instructions 
received by the main memory 1204 may optionally be stored on storage device 1207 
or 1208 either before or after execution by processor 1203. 
[0059] The computer system 1201 also Includes a communication Interface 1213 
coupled to the bus 1202. The communication Interface 1213 provides a two-way 
data communication coupling to a network link 1214 that is connected to, for 
example, a local area network (LAN) 1215, or to another communications network 
1216 such as the Internet. For example, the communication interface 1213 may be 
a network interface card to attach to any packet switched LAN. As another example, 
the communication interface 1213 may be an asymmetrical digital subscriber line 
(ADSL) card, an integrated services digital network (ISDN) card or a modem to 
provide a data communication connection to a corresponding type of 
communications line. Wireless links may also be implemented. In any such 
implementation, the communication interface 1213 sends and receives electrical, 
electromagnetic or optical signals that carry digital data streams representing various 
types of information. 

[0060] The network link 1214 typically provides data communication through one or 
more networks to other data devices. For example, the network link 1214 may 
provide a connection to another computer through a local network 1215 (e.g., a LAN) 
or through equipment operated by a service provider, which provides communication 
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services through a communications network 1216. The local network 1214 and the 
communications network 1216 use, for example, electrical, electromagnetic, or 
optical signals that carry digital data streams, and the associated physical layer (e.g., 
CAT 5 cable, coaxial cable, optical fiber, etc). The signals through the various 
networks and the signals on the network link 1214 and through the communication 
interface 1213, which carry the digital data to and from the computer system 1201 
maybe implemented in baseband signals, or carrier wave based signals. The 
baseband signals convey the digital data as unmodulated electrical pulses that are 
descriptive of a stream of digital data bits, where the term "bits" is to be constmed 
broadly to mean symbol, where each symbol conveys at least one or more 
information bits. The digital data may also be used to modulate a carrier wave, such 
as with amplitude, phase and/or frequency shift keyed signals that are propagated 
over a conductive media, or transmitted as electromagnetic waves through a 
propagation medium. Thus, the digital data may be sent as unmodulated baseband 
data through a "wired" communication channel and/or sent within a predetermined 
frequency band, different than baseband, by modulating a canier wave. The 
computer system 1201 can transmit and receive data, including program code, 
through the network(s) 1215 and 1216, the network link 1214, and the 
communication interface 1213. Moreover, the network link 1214 may provide a 
connection through a LAN 1215 to a mobile device 1217 such as a personal digital 
assistant (PDA) laptop computer, or cellular telephone. 

[0061] Although only certain exemplary embodiments of this invention have been 
described in detail above, those skilled in the art will readily appreciate that many 
modifications are possible in the exemplary embodiments without materially 
departing from the novel teachings and advantages of this invention. Accordingly, all 
such modifications are intended to be included within the scope of this invention. 
[0062] Hence, numerous modifications and variations of the present invention are 
possible in light of the above teachings. It is therefore to be understood that within 
the scope of the appended claims, the invention may be practiced othenA/ise than as 
specifically described herein. For example, other configurations of the solution 
nozzle assembly and other processes may be used to provide gradual neutralization 
of any developer on the substrate, followed by hydraulic pressure across the 
substrate area to provide sufficient cleaning without pH shock. One such 
configuration may be sequential operation of the nozzles of the nozzle array in a 
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radial direction outward from the center of the substrate. Such a configuration may 
require a dedicated fluid valve for each of the nozzles in the array. 
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